(19) 



3 



Europatsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(n) EP 1 195 573 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

1 0.04.2002 Bu lletin 2002/1 5 

(21) Application number: 01123280.8 

(22) Date of filing: 04.10.2001 



(51) IntCI 7: F28F 9/00 



(84) 


Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 

MC NL PTSETR 


(72) 


Inventor: Siier, Nicholas R. 
Franksville, Wl 53126 (US) 




Designated Extension States: 


(74) 


Representative: Heselberger, Johannes 




AL LT LV MK RO SI 




Bardehle. Pagenberg, Dost, 
Altenburg, Geissler, Isenbruck, 


(30) 


Priority: 04.10.2000 US 679123 




Galileiplatz 1 

81679 Munchen (DE) 


(71) 


Applicant: Modine Manufacturing Company 
Racine Wisconsin 53403 (US) 







(54) Heat exchanger and method of making the same 



(57) Thermally induced stress tending to cause 
breakage or leakage at tube to header joints in a heat 
exchanger is eliminated by placing lines of weakening 



(72,74) in the side plates (18,20) conventionally em- 
ployed in such heat exchanger prior to subjecting the 
heat exchanger to brazing. 




CO 

m 
in 



Q_ 

LU 



Printed by Jouve, 75001 PARIS {FR) 



BNSDOCID: <EP 1 195573A1_1_> 



1 



EP 1 195 573 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to heat exchangers, and 5 
more specifically, to improved side pieces for heat ex- 
changers; as well as methods of making a heat ex- 
changer. 

BACKGROUND OF THE INVENTION 10 

[0002] Many heat exchangers in use today, as, for ex- 
ample, vehicular radiators, oil coolers, and charge air 
coolers, are based on a construction that includes two 
spaced, generally parallel headers which are intercon- *5 
nected by a plurality of spaced, parallel, flattened tubes. 
Located between the tubes are thin, serpentine fins. In 
the usual case, the side most tubes are located Just in- 
wardly of side plates on the heat exchanger and serpen- 
tine fins are located between those side most tubes and 20 
the adjacent side plate. 

[0003] The side plates are typically, but not always, 
connected to the headers to provide structural integrity. 
They also play an important role during the manufactur- 
ing process, particularly when the heat exchanger is 25 
made of aluminum and components are brazed together 
or when the heat exchanger is made of other materials 
and some sort of high temperature process is involved 
in the assembly process. 

[0004] More particularly, conventional assembly tech- 30 
niques involve the use of a fixture which holds a sand- 
wiched construction of alternating tubes and serpentine 
fins. The outside of the sandwich, that is the outer layers 
which eventually become the sides of the heat exchang- 
er core, is typically provided with side pieces whose 35 
ends are typically connected mechanically to the head- 
ers. Pressure is applied against the side pieces to as- 
sure good contact between the serpentine fins and the 
tubes during a joining process such as brazing to assure 
that the fins are solidly bonded to the tubes to maximize 40 
heat transfer at their points of contact, if this is not done, 
air gaps may be located between some of the crests of 
the fins and the adjacent tube which adversely affect the 
rate of heat transfer and durability, such as the ability to 
resist pressure induced fatigue and to withstand elevat- 45 
ed pressures. 

[0005] At the same time, when the heat exchanger is 
in use, even though the side plates may be of the same 
material as the tubes, because a heat exchange fluid is 
not flowing through the side plates but is flowing through so 
the tubes, the tubes will typically be at a higher temper- 
ature than the side plates, at least initially during the 
start up of a heat exchange operation. 
[0006] This in turn results in high thermal stresses in 
the tubes and headers. Expansion of the tubes due to 55 
relatively high temperatures tends to push the headers 
apart while the side plates, at a lower temperature, tend 
to hold them together at the sides of the core. All too 



frequently, this severe thermal stress in the heat ex- 
changer assembly results in fracture or the formation of 
leakage openings near the tube to header joints which 
either requires repair or the replacement of the heat ex- 
changer. 

[0007] It has been proposed to avoid this problem, af- 
ter complete assembly of the heat exchanger, by sawing 
through the side plates at some location intermediate 
the ends thereof so that thermal expansion of the tubes 
is accommodated by the side plates : now in multiple 
sections, which may move relative to one another at the 
saw cut: However, this solution adds an additional op- 
eration to the fabrication process and consequently is 
economically undesirable. 

SUMMARY OF THE INVENTION 

[0008] It is the principal objection of the invention to 
provide a new and improved heat exchanger, and a 
method of making the same, that eliminates heat ex- 
changer failure problems due to thermally induced 
stresses resulting from a difference in thermal expan- 
sion between the expansion of the tubes of the heat ex- 
changer and the expansion of the side pieces thereof. 
It is also an object of the invention to provide a method 
of making such a heat exchanger. 
[0009] According to one facet of the invention, there 
is provided a heat exchanger that includes a pair of 
spaced, generally parallel headers, a plurality of 
spaced, generally parallel tubes extending between and 
in fluid communication with the interior of the headers, 
a pair of elongated side plates, one at each side of the 
heat exchanger, and extending between and connected 
to the headers and spaced from the adjacent tube at the 
corresponding side of the heat exchanger. Serpentine 
fins are disposed between adjacent tubes as well as be- 
tween the side plates and the tubes adjacent thereto. 
The invention contemplates the improvement wherein 
each side plate includes at least one opening between 
its edges which has a periphery with a part of the pe- 
riphery in close proximity to at least one of the edges 
along with a score line in each side plate that extends 
from the part of the periphery to the edge. As a conse- 
quence, thermally induced stress will cause the side 
piece to sever at the location of the opening and the 
score line and thereafter the stress at tube to header 
joints or the like is relieved on a permanent basis. 
[0010] According to one embodiment of the invention, 
the opening is elongated and is at an acute angle to the 
direction of elongation of the corresponding side plate. 
[001 1 ] A preferred embodiment contemplates that the 
side plate is formed as a channel having a base with at 
least one leg extending therefrom terminating at the one 
edge. The opening is formed in the base and in the one 
leg and the score line is in the one leg. 
[0012] In a highly preferred embodiment, there is pro- 
vided a heat exchanger generally as stated previously 
with the invention contemplating the improvement 
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wherein each side plate is channel shaped having a 
base and two spaced outstanding legs extending from 
the base and terminating at opposite edges. First and 
second, elongated openings are disposed in each of the 
side plates in side by side relation and have respective 
center lines that intersect in an acute angle. Each ofthe 
openings has a periphery that includes a first part in 
close proximity to a corresponding one of the edges and 
a second part in close proximity to the other ofthe open- 
ings. The first and second parts are spaced from one 
another in the direction of elongation of the side piece 
and a first line of weakening is located at each of the 
first parts and extends between a corresponding one of 
the openings and the adjacent one of the edges. A sec- 
ond line of weakening extends between the openings at 
the second part. 

[001 3] As a conseq uence of this co nstruction , the side 
plates may sever at the lines of weakening to relieve 
stresses as before. Moreover, the formation of the side 
plate as a channel and the effective staggering of the 
first and second lines of weakening does not materially 
reduce the bending strength or resistance to bending of 
the side plate so that a high degree of structural integrity 
is maintained prior to assembly of the side plates to the 
core. This accomplishes two purposes: It allows han- 
dling of the side pieces prior to assembly to the core 
without requiring great care on the part of the persons 
that must handle the side pieces; and it distributes the 
expansion stress that otherwise would be focused at the 
location of severance. 

[0014] In a preferred embodiment, the acute angle is 
on the order of 90°. 

[0015] Preferably, the first and second lines of weak- 
ening are defined by V-shaped notches in the legs and 
in the base of the channel respectively. 
[0016] In a highly preferred embodiment, the lines of 
weakening have a length of about 4.6 mm or less. 
[0017] The invention also contemplates the provision 
of a method of making an aluminum heat exchanger 
which includes the steps of: (a) assembling the compo- 
nents of a heat exchanger core in a fixture to have 
spaced headers, spaced tubes extending between the 
headers, side plates extending between the headers at 
the sides of the core and serpentine fins located be- 
tween adjacent tubes as well as between the side plates 
and the adjacent tube at each side of the core; (b) me- 
chanically fixing each end ofthe side plate to the adja- 
cent header; (c) prior to steps (a) and (b), weakening 
the side plate at a point intermediate its ends so as to 
reduce its ability to withstand tension while not materi- 
ally affecting its ability to withstand bending; and (d) sub- 
jecting the assembly resulting from step (b) to brazing 
temperatures to (i) braze the components together and 
(ii) allow the severance of each side piece at said point 
as a result of thermally induced stress. Whether servic- 
es will in fact occur generally depends on the rate at 
which the brazed components cool following brazing. 
[0018] Other objects and advantages will become ap- 



parent from the following specification taken in connec- 
tion with the accompanying drawings. 

DESCRIPTION OFTHE DRAWINGS 

5 

[0019] 

Fig. 1 is a somewhat schematic, side elevation of a 
heat exchanger made according to the invention; 
10 Fig. 2 is a fragmentary, plan view of a partially fab- 
ricated side plate made according to the invention; 
Fig. 3 is a plan view of a fully fabricated side plate; 
Fig. 4 is a perspective view of a fully fabricated side 
plate; 

15 Fig. 5 is an enlarged sectional view taken approxi- 
mately along the line 5-5 in Fig. 3; and 
Fig. 6 is an enlarged, fragmentary view of part of 
the side plate. 

20 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] The present invention will be described here- 
inafter as a vehicular radiator, as, for example, a radiator 

25 for a large truck. However, it should be understood that 
the invention is applicable to radiators used in other con- 
texts, for example, a radiator for any vehicle or for sta- 
tionary application as an internal combustion engine 
driven generator. The invention is also useful in any of 

30 the many types of heat exchangers that utilize side 
plates to hold serpentine fins against parallel tubes ex- 
tending between spaced headers, for example, oil cool- 
ers and charge air coolers. Accordingly, no limitation to 
any particular use is intended except insofar as ex- 

35 pressed in the appended claims. 

[0021] Referring to Fig. 1 , a typical heat exchanger of 
the type of concern includes spaced, parallel header 
plates 10, 12, between which a plurality of flattened 
tubes 1 4 extend. The tubes 1 4 are spaced from one an- 

40 other and their ends are brazed or welded or soldered 
and extend through slots, not shown, in the headers 10 
and 1 2 so as to be in fluid communication with the inte- 
rior of a tank 1 6 fitted to each of the headers 10, 12. In 
this regard, it is to be noted that as used herein, the term 

45 "header" collectively refers to the header plates 10,12, 
to the headers 10, 12 with the tanks 1 6 secured thereon, 
or integral header and tank constructions known in the 
art as, for example, made by tubes or various laminating 
procedures. Side pieces 18, 20 flank respective sides 

50 of the heat exchanger construction and extend between 
the headers 10, 12 and are typically mechanically con- 
nected thereto as well as metal lurgically bonded there- 
to. 

[0022] Between the spaced tubes 14, and between 
55 the endmost tube 14 and an adjacent one of the side 
plates 18, 20 are conventional serpentine fins 22. As is 
well known, the fins 22 may be formed of a variety of 
materials. Typical examples are aluminum, copper and 
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brass. However, other materials can be used as well de- 
pending upon the desired strength and heat exchange 
efficiency requirements of a particular application. 
[0023] In a highly preferred embodiment of the inven- 
tion, all of the just described components, with the pos- 
sible exception of the tanks 1 6 which may be formed of 
plastic, are formed of aluminum or aluminum alloy and 
are braze clad at appropriate locations so that an entire 
assembly is illustrated in Fig. 1 may be placed in a braz- 
ing oven and the components all brazed together. In the 
usual case, prior to brazing, an appropriate fixture is em- 
ployed to build up a sandwich made up of the tubes 14 
alternating with the serpentine fins 22 and capped at 
each end by the side plates 1 8 and 20. The headers 1 0, 
1 2 are fitted to the ends of the tubes 1 4 and in the usual 
case, the side plates 18 and 20 may be mechanically 
coupled to the headers 10,12 typically by bending tabs 
on th e side plates 1 8 over the corresponding ends of the 
headers 10, 12. 

[0024] Fig. 2 illustrates a partially fabricated preform 
for making up the side plates 1 8, 20. As illustrated, it is 
elongated and has header connecting ends 24, 26. Non- 
existing bend lines shown only for the purpose of illus- 
trating the position of a bend to be formed in the side 
plates are illustrated at 28 and 30. Ultimately, the strips 
shown in Fig. 2 will be bent along the lines 28 and 30 to 
form a channel having a base 32 flanked by upstanding 
legs 34, 36 which are spaced from one another and 
which terminate in respective, opposite edges 38, 40. 
While a channel cross section is preferred, in some cas- 
es, the side plates 18. 20 may remain generally planar 
or flat. 

[0025] The strip is weakened intermediate its ends by 
the provision of at least one opening 42 at one or more 
locations between the ends 24, 26 of the strip. In a pre- 
ferred embodiment, an opening 42 is paired with an 
opening 44. The openings 42, 44 are generally in the 
form of an oval with each having a center line 46 that 
coincide with the major axis of the associated opening 
42,44. The center lines of the openings 42. 44 intersect 
one another at an acute angle to form a V-shape. In a 
highly preferred embodiment, the angle of intersection 
is 90° , and each center line is at 45 ° to the longitudinal 
axis of the side plate. 

[0026] The opening 42 has a periphery 48 that in- 
cludes a part 50 in close adjacency to the edge 38. As 
seen in Fig. 5. the spacing between the part 50 of the 
periphery 48 and the edge 38. in a highly preferred em- 
bodiment, is 1 .6 mm. However, other values may be uti- 
lized as will become apparent to those skilled in the art 
hereinafter. 

[0027] The opening 44 likewise has a periphery 52 
with a part 54 in close adjacency to the edge 40. Again, 
the spacing between the part 54 will be 1 .6 mm in a high- 
ly preferred embodiment. 

[0028] The peripheries 48 and 52 of the openings 42 
and 44 also have parts 56 that are closely adjacent to 
the corresponding part of the other of the openings 42, 



46. As shown in Fig. 6, the parts 56 of the openings 42 
and 44 are spaced from one another a distance of 
3.2mm although other values may be employed. In gen- 
eral, the dimension will be 4.6 mm or less. 

5 [0029] In the embodiment illustrated, there are two 
sets of the openings 42, 44 at different locations be- 
tween the ends 24, 26 of the side piece. 
[0030] The side piece may be provided, at its ends 24, 
26 with notches 60, 62 which then define tabs 64 which 

10 may be bent about the ends of the headers 10, 12 or 
received in slots therein to mechanically secure the side 
plates 18, 20 to the assemblage prior to brazing. 
[0031] One significant feature of the invention is the 
provision of lines of weakening in each side plate. Thus, 

15 gt the part 50 of the periphery 48 of the opening 42, a 
line of weakening 70 extends to the adjacent edge 38 
of the side plates. A similar line of weakening 72 is lo- 
cated at the part 54 of the periphery 52 of the opening 
44 and extends to the edge 40 of the side plate. 

20 [0032] In addition, a line of weakening 74 extends be- 
tween the openings 42, 44 at those parts 56 of their pe- 
ripheries 48, 52 which are in close adjacency. It will be 
observed that the lines of weakening 70, 72, 74 are 
spaced from each other along the length of the side 

25 plates 18, 20. 

[0033] In a preferred embodiment, the lines of weak- 
ening are formed as V-shaped notches as shown by the 
line of weakening 74 in Fig. 5. The sides of the V-shaped 
notches forming the lines of weakening are angularly 

30 spaced approximately 90° and the depth of each notch 
will be approximately halfway through the thickness of 
the side piece. In the embodiment illustrated, the depth 
of each of the notches forming a line of weakening 70, 
72, 74 is 0.8 mm. 

35 [0034] Of course, the depth of each notch may be var- 
ied depending upon the thickness of the material as well 
as the distance between the parts 56, or the parts 50, 
54 in the respective edges 38 and 40. The lines of weak- 
ening are in fact square lines achieved by the process 

40 of coining. However, it is contemplated that the lines of 
perforation could be used in some instances. Further, 
any way of weakening metal along a line may be em- 
ployed if desired. 

[0035] The heat exchanger made according to the in- 
45 vention is fabricated by an inventive method that in- 
cludes, as a first step, the step of assembling the com- 
ponents of the heat exchanger, namely, the headers 10, 
1 2, the tubes 1 4, the side pieces 1 8, 20 and the serpen- 
tine fins 22 in a fixture so that the headers are spaced 
50 with the tubes spaced and extending between the head- 
ers into slots therein and side plates extending between 
the headers at the sides of the core together with ser- 
pentine fins located between adjacent tubes and be- 
tween the side plates and the adjacent tube at each of 
55 the sides of the core. The side plates are typically, but 
not always, mechanically fixed at each end to the adja- 
cent header. Prior to performing the foregoing steps, 
however, it will be understood that the side plates are 
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fabricated to have a line of weakening at a point inter- 
mediate the ends 24, 26. Preferably, the embodiment 
disclosed will be employed but as will be apparent to 
those skilled in the art, other embodiments can be used 
as well. The point of weakening the side plate is to re- 5 
duce its ability to withstand tension while not materially 
affecting its ability to withstand bending; and this is par- 
ticularly facilitated where the score lines 70, 72, 74 are 
offset from one another as shown. 

[0036] The resulting assembly is then subjected to 10 
brazing temperatures to both braze the components to- 
gether and to allow the thermal stresses involved in the 
brazing process to sever each side piece at the point of 
weakening as a result of thermally induced stress. 
Whether severance actually occurs will depend upon 15 
the rate the assembly cools following brazing. 
[0037] In some cases, the severing may not occur ful- 
ly during the brazing process but when the heat ex- 
changer is placed in use, it is sufficiently weakened in 
the side plates at the lines of weakening that, after a few 20 
thermal cycles of operation, the side plates will break in 
use well before damage to the tube to header joints or 
elsewhere in the heat exchanger can occur. 



Claims 



25 



1 . In a heat exchanger including a pair of spaced, gen- 
erally parallel headers : a plurality of spaced, gener- 
ally parallel tubes extending between and in fluid 30 
communication with the interior of said headers, a 
pair of elongated side plates, one at each side of 
said heat exchanger, and extending between and 
connected to said headers and spaced from the ad- 
jacent tube at the corresponding side of the heat 35 
exchanger, and serpentine fins between adjacent 
tubes and said side plates, the improvement where- 
in each side plate includes at least one opening be- 
tween its edges and having a periphery with part of 
said periphery in close proximity to at least one of 40 
said edges, and a score line in each said side plate 
extending from said part to said edge. 

2. The heat exchanger of claim 1 wherein said open- 
ing is elongated and at an acute angle to the direc- 
tion of elongation of the corresponding side plate. 

3. The heat exchanger of claim 2 wherein said side 
plate is formed as a channel having a base and at 
lest one leg extending therefrom terminating in said so 
one edge, and said opening is formed in said base 
and in said one log and said score line is in said one 
leg. 

4. The heat exchanger of claim 3 further including a 55 
second score line extending to the other of said edg- 
es. 



5. The heat exchanger of claim 4 wherein saidchannel 
includes a second leg extending from said base in 
spaced relation to said first leg and said second 
score line extends to a second elongated opening 
at an acute angle to said direction of elongation and 
in side by side relation with said one opening, said 
openings having center lines that intersect in a V- 
shape. 

6. The heat exchanger of claim 5 wherein there are 
two spaced sets of said one and second openings, 
each said set including one of each of said score 
lines. 

7. In a heat exchanger including a pair of spaced, gen- 
erally parallel headers, a plurality of spaced, gener- 
ally parallel tubes extending between and in fluid 
communication with the interior of said headers, a 
pair of elongated side plates, one at each side of 
said heat exchanger, and extending between and 
connected to said headers and spaced from the ad- 
jacent tube at the corresponding side of the heat 
exchanger, and serpentine fins between adjacent 
tubes and said side plates, the improvement where- 
in each said side plate is channel shaped having a 
base and two, spaced upstanding legs extending 
from said base and terminating in opposite edges, 
first and second, elongated openings in each said 
side plate in side by side relation and having respec- 
tive center lines that intersect in an acute angle, 
each of said openings having a periphery that in- 
cludes a first part in close proximity to a correspond- 
ing one of said edges and a second part in close 
proximity to the other opening, said first and second 
parts being spaced from one another in the direction 
of elongation of said side piece, a first line of weak- 
ening at each said first part extending between a 
corresponding one of said openings and the adja- 
cent one of said edges and a second line of weak- 
ening extending between said openings at said sec- 
ond part. 

8. The heat exchanger of claim 7 wherein said acute 
angle is on the order of 90°. 

9. The heat exchanger of claim 7 wherein said lines of 
weakening have a length of about 4.6 mm or less. 

10. The heat exchanger of claim 7 wherein said first and 
second lines of weakening are defined by V-shaped 
notches in said legs and said base respectively. 

11. The heat exchanger of claim 10 wherein said heat 
exchanger consists essentially of aluminum or alu- 
minum alloy parts brazed together and said side 
plates are severed at said lines of weakening. 

12. The heat exchanger of claim 7 wherein said open- 
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ings are generally oval shaped. 

13. A method of making an aluminum heat exchanger 
comprising the steps of: 

5 

a) assembling the components of a heat ex- 
changer core in a fixture to have spaced head- 
ers, spaced tubes extending between the head- 
ers, side plates extending between the headers 
and at the sides of the core and serpentine fins 10 
located between adjacent tubes and between 
the side plates and the adjacent tube at each 
side of the core; 

b) prior to step a) weakening the side plate at 

a point intermediate its ends so as to reduce its is 
ability to withstand tension while not materially 
affecting its ability to withstand bending; 

c) subjecting the assembly resulting from step 
b) to brazing temperatures to i) braze the com- 
ponents together and ii) allow the severance of 20 
each side plate at said point as a result of ther- 
mally induced stress. 

14. The method of claim 13 including the step of me- 
chanically fixing each end of each side piece to the 25 
adjacent header. 
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